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Experimental Procedures
General Considerations
All experiments were performed under an atmosphere of dry argon, by using standard Schlenk and glovebox techniques. Solvents were purified, dried, and degassed with an MBraun SPS800 solvent purification system. NMR spectra were recorded on Bruker Avance 400 spectrometers at 300 K. 1 H and 13 C{ 1 H} spectra were referenced internally to residual solvent resonances. 31 P{ 1 H} and 31 P spectra were referenced externally to 85% H3PO4 (aq.). The assignment of the 1 H and 13 C NMR signals was confirmed by two-dimensional (COSY, HSQC, HMBC and ROESY) experiments. Melting points were measured on samples in sealed capillaries on a Stuart SMP10 melting point apparatus. UV/vis spectra were recorded on an Ocean Optics Flame Spectrometer. Elemental analyses were determined by the analytical department of the University of Regensburg. IR spectra were recorded with a Bruker ALPHA spectrometer equipped with a diamond ATR unit. The starting materials PHDI, [1] Cy2PCl, [2] and tBu2PCl [3] were prepared according to literature procedures. Literature protocols were sightly modified for [K(thf)0.2][Co(1,5cod)2 [4] (usage of potassium instead of lithium) and Mes2PCl [5] (usage of 0.5 equiv. of PCl3 instead of one equivalent). [18] 
NMR Simulations
For compounds which give rise to a higher order spin system in the 31 P{ 1 H} NMR spectrum, the resolution enhanced 31 P{H} NMR spectrum was transferred to the software gNMR, version 5.0.6.0, by Cherwell Scientific. [6] The full line shape iteration procedure of gNMR was applied to obtain the best match of the fitted to the experimental spectrum. 1 J( 31 P 31 P) coupling constants were set to negative values and all other signs of the coupling constants were obtained accordingly. [7] 
Preparation of [K(18c-6)][(PHDI)Co(η 4 -1-5-cod)] ([K(18c-6)]1)
A deep yellowish green solution of [K(thf)0.2][Co(η 4 -1,5-cod)2] (2.4 g, 7.28 mmol, 1.0 equiv.) and 18c-6 (1.94 g, 7.32 mmol, 1.0 equiv.) in THF (80 mL) was added to a deep red solution of PHDI (4.0 g, 7.62 mmol, 1.05 equiv.) in THF (80 mL) at −30 °C. The resulting deep green mixture was stirred overnight upon warming to room temperature and filtered through a P4 glass frit. The filtrate was concentrated to ca. ½ and layered with n-hexane (80 mL). After one week, deep green crystals were isolated by filtration, washed with n-pentane (2 x 70 mL) and dried in vacuo. Yield: 6.04 g (76%). M.p. 180 °C (decomposition to a black oil). UV/vis: (THF, λmax / nm, εmax / L·mol −1 ·cm −1 ): 360 (15000), 440 (18500), 560 (3800). 1 H-NMR (400.30 MHz, THF-d8, 300 K): δ/ppm = 0.64 (d, 3 JHH = 6.9 Hz, 12H, −CH(CH3)2 of Dipp), 0.98-1.03 (m, 4H, CH2 of COD), 1.39 (d, 3 JHH = 6.9 Hz, 12H, −CH(CH3)2 of Dipp), 2.29-2.31 (m, 4H, CH2 of COD), 2.79 (s, 4H, CH of COD), 3 .34 (s, 24H, 18c-6), 4.51 (sept, 3 JHH = 6.9 Hz, 4H, −CH(CH3)2 of Dipp), 6.40-6.44 (m, 2H, C 4 −H of PHDI), 6.62 (t, 2H, 3 
Preparation of [K(18c-6)][(PHDI)Co(η 4 -P4)] ([K(18c-6)]2)
A 500 mL Schlenk flask was filled with P4 (250 mg, 2.02 mmol, 1.0 equiv.), [K(18c-6)]1•(thf)1.2 (2.189 g, 2.02 mmol, 1.0 equiv.) and THF (200 mL). The resulting deep green mixture was stirred for 15 h. The solvent was removed and the dark green residue was extracted into toluene (400 mL) and filtered through a P4 glass frit. The volume of the solvent was reduced to 200 mL and the deep turquoise solution was layered with n-hexane (ca. 1.1 L). After ten days, dark pink shimmering crystals were isolated by decantation of the supernatant. The crystals were washed with n-pentane (2 x 40 mL) and dried in vacuo. Yield: 1.65 g (80% 
Preparation of [K(18c-6][(PHDI)Co(µ 2 :η 1 ,η 4 -P4)W(CO)5] ([K(18c-6]3)
A stirred, colorless solution of [W(CO)6] (34 mg, 0.097 mmol, 1.0 equiv.) in THF (4 mL) was irradiated with UV-light (365 nm) for 4 h. The solution turned deep yellow and was added dropwise to a dark green solution of [K(18c-6)]2 (100 mg, 0.097 mmol, 1.0 equiv.) in THF (20 mL). After stirring overnight all volatiles were removed and the resulting dark green residue was extracted into Et2O (2 x 40 mL). The dark green filtrate was concentrated to one fourth of the original volume and layered with n-pentane (50 mL). Dark green crystals formed upon storage for one week, which were isolated by decantation of the supernatant and dried in vacuo. Yield: 41 mg (32%). M.p. 186 °C (decomposition to a black oil). UV/vis: (THF, λmax / nm, εmax / L·mol −1 ·cm −1 ): 370 (28000), 415sh (18000), 660 (25000). 1 H-NMR (400.13 MHz, THF-d8, 300 K): δ/ppm = 0.69 (d, 3 JHH = 6.9 Hz, 12H, −CH(CH3)2 of Dipp), 1.19 (d, 3 JHH = 6.9 Hz, 12H, −CH(CH3)2 of Dipp), 3.58 overlapping with THF-d8 solvent signal (s, 24H, 18c-6,), 4.24 (sept, 3 JHH = 6.9 Hz, 4H, −CH(CH3)2 of Dipp), 6.72-6.76 (m, 2H, C 4 −H of PHDI), 7.06-7.10 (m, 6H, C 3 The 31 P{ 1 H} NMR spectrum (recorded in THF-d8) shows an extremely broad singlet at  = 83.6 ppm (Δν½ = 2400 Hz) at room temperature due to rapid migration of the [W(CO)5] unit around the cyclo-P4 ring, while three well-resolved doublets of triplets with an integral ratio of 2:1:1 appear upon cooling (see Figure S9 ). Similar dynamic behavior has been reported for other W(CO)5 complexes. [8, 9] Iterative fitting of the 31 P{ 1 H} NMR spectrum ( Figure S10 ) at −80 °C gave P−P coupling constants ( 1 JPP = −326.9 and −294.3 Hz) and ancillary 183 W-satellites ( 1 JPW = −186.3 Hz) typical for tungsten pentacarbonyl complexes of polyphosphides. [9, 10] 
Preparation of [(PHDI)Co(η 4 -P5Cy2)] (4-Cy)
A stock solution of Cy2PCl (2 mL, c = 0.112 M in n-hexane, 0.224 mmol, 1.0 equiv.) was added to a deep turquoise suspension of [K(18c-6)]2 (228 mg, 0.224 mmol, 1.0 equiv.) in toluene (20 mL) at room temperature. The reaction mixture turned dark blue immediately and was stirred for 13 h. The mixture was filtered through a pad of silica gel (1.5 x 3 cm) and washed with toluene (ca. 10 mL). The solvent was removed and the dark blue residue was extracted into n-hexane (5 x 10 mL). The deep blue filtrate was concentrated to one fifth of the original volume until incipient crystallization. Numerous purple shimmering crystals were formed upon storage at −18 °C for six days, which were isolated by decantation of the mother liquor and subsequently dried in vacuo. Yield: 159 mg (77%). M.p. 244 °C (decomposition to a black oil). UV/vis: (THF, λmax / nm, εmax / L·mol −1 ·cm −1 ): 345 (14000), 520sh (6000), 600 (21000). 
Preparation of [(PHDI)Co(η 4 -P5tBu2)] (4-tBu)
Neat tBu2PCl (0.1 mL, 95 mg, 0.526 mmol, 1.0 equiv.) was added dropwise via syringe to a deep turquoise suspension of [K(18c-6)]2 (536 mg, 0.526 mmol, 1.0 equiv.) in toluene (100 mL) at room temperature. The reaction mixture was stirred for three days while the color changed to dark blue. The mixture was filtered through a pad of silica gel (3 x 3 cm) and washed with toluene (ca. 20 mL). The volume of the dark blue filtrate was reduced to one third of the original volume and layered with n-pentane (ca. 300 mL). After two weeks, purple shimmering crystals have formed, which were isolated by decantation of the mother liquor and dried in vacuo. Yield: 232 mg (52%). M.p. 240 °C (decomposition to a black oil). UV/vis: (THF, λmax / nm, εmax / L·mol −1 ·cm −1 ): 340 (27000), 430sh (8000), 580 (17000), 660 (28000). 
Preparation of [(PHDI)Co(η 4 -P5Ph2)] (4-Ph)
A stock solution of Ph2PCl (3 mL, c = 0.08 M in toluene, 0.240 mmol, 1.0 equiv.) was added to a deep turquoise suspension of [K(18c-6)]2 (245 mg, 0.240 mmol, 1.0 equiv.) in toluene (25 mL) at room temperature. The reaction mixture was stirred for 15 hours while the color changed to dark blue. The mixture was filtered through a pad of silica gel (3 x 2.5 cm) and washed with toluene (3 x ca. 10 mL). The solvent was removed in vacuo and the dark blue residue was extracted into cyclohexane (2 x 10 mL). The dark blue extract was concentrated to ca. one fourth of the original volume and stored at 7 °C. After three days, dark blue crystals were formed, which were isolated by decantation and dried in vacuo. Yield: 83 mg (33%). M.p. 219 °C (decomposition to a black oil). UV/vis: (THF, λmax / nm, εmax / L·mol −1 ·cm −1 ): 335 (25000), 600sh (25000), 630 (29000). 
Preparation of [(PHDI)Co(η 4 -P5Mes2)] (4-Mes)
A 100 mL Schlenk flask was filled with Mes2PCl (75 mg, 0.246 mmol, 1.0 equiv.), [K(18c-6)]2 (250 mg, 0.242 mmol, 1.0 equiv.) and toluene (ca. 50 mL). The blue mixture was stirred overnight, filtered through a pad of silica gel (2.5 x 2.5 cm), and washed with toluene (2 x ca. 15 mL). The solvent was removed in vacuo and the dark blue residue was extracted into n-hexane (80 mL). The extract was concentrated to one fourth of the original volume until crystals began to form. After four days, the supernatant was decanted and the dark blue crystals with a purple shimmer were dried in vacuo. Yield: 166 mg (70%). ) and toluene (ca. 25 mL) were added to a 100 mL Schlenk flask. The resulting dark turquoise mixture turned dark blue upon stirring for 24 h. The mixture was filtered through a pad of silica gel (3 x 1 cm) and was washed with toluene (ca. 10 mL) until the washings are colorless. The solvent was removed in vacuo and the dark blue residue was extracted into n-hexane (110 mL). The dark blue filtrate was concentrated to one fourth of the original volume. Dark violet microcrystals formed upon storage for one week at room temperature, which were isolated by decantation of the mother liquor and dried in vacuo. (Further product can be isolated by concentrating the mother liquor). Yield: 89 mg (51%); including a 2 nd crop: 114 mg (65%). 
Preparation of [nBu4N][(PHDI)Co(η 3 -P3)(CN)] ([nBu4N]5) and [nBu4N][tBu2PPCN] ([nBu4N]6-tBu)
A suspension of [nBu4N]CN (63 mg, 0.234 mmol, 2.0 equiv.) in toluene (10 mL) was added dropwise to a suspension of 4-tBu (101 mg, 0.117 mmol, 1.0 equiv.) in toluene (10 mL) at room temperature. The mixture turned dark purple blue and was stirred for 4 h. The solvent was removed, and the diphosphide [nBu4N]6-tBu was separated by extracting the dark purple residue with a cyclohexane/n-hexane mixture (3:2 v/v, 5 x 10 mL). The combined dark purple/blue extract was concentrated to ca. 25 mL. A purple oily precipitate containing a crude mixture of [nBu4N]5 and [nBu4N]6-tBu was obtained upon storage at 4 °C for one week, which was separated by filtration. Pure [nBu4N]6-tBu (21 mg, 40%) was isolated by evaporation of this filtrate and drying in vacuo. The dark purple residue of the cyclohexane/n-hexane extraction was extracted into toluene ( 
Preparation of [Et4N][(PHDI)Co(η 3 -P5Mes2)(CN)] ([Et4N]7)
[Et4N]CN (8.3 mg, 0.053 mmol, 1.0 equiv.) and 4-Mes (52 mg, 0.053 mmol, 1.0 equiv.) were suspended in MeCN (5 mL) and stirred at r.t. for 2 h. The color changed from dark blue to deep purple. The solvent was removed, and the dark purple/blue residue was washed with Et2O (20 x 1 mL) and subsequently with toluene (6 x 1 mL). The dark purple residue was subsequently extracted with a toluene/THF mixture (1:1 v/v, 17 x 1 mL) . Concentration of the deep purple filtrate to one fourth of the original volume and storage at −30 °C gave very small, deep purple crystals after two day. The crystals were isolated by decantation of the supernatant and washed with cold toluene (−30 °C, 1 mL). Drying in vacuo gave satisfactorily pure product (23 mg, 38%). The compound decomposes at ambient temperature over the course of days. 
DFT calculations Methods
Geometry optimization, frequency analysis, calculation of chemical shifts and NICS(0) values were carried out with the ORCA program package. [12] Geometry optimization for [(PHDI)Co(η 4 -P4)] − Anion (2) and [tBu2P(PCN)] − anion (6-tBu) were performed at the OPBE-D3BJ/def2-TZVP [13] [14] [15] [16] , respectively BP86 [17] -D3BJ/def2-TZVP with the auxiliary basis set def2/J [18] level of theory in gas phase. Frequency analysis were carried out to confirm the nature of stationary points found out by geometry optimizations. To save computational cost, all isopropyl groups were replaced by methyl groups. Calculation of chemical shifts and NICS(0) [19] values were performed at the OPBE-D3BJ/def2-TZVP level of theory in gas phase. NBO analysis and natural resonance analysis (NRT) was done with NBO6 program [20] implemented in Gaussian with BP86/def2-TZVP and B3LYP [21] /6-31G+*. [22] 
Results and discussion
Density functional theory (DFT) studies at the OPBE/def2-TZVP [13] [14] [15] level of theory gave further insight into the nature of the cyclo-P4 unit in anion 2. The optimized model compound with iPr substituted by Me features a square planar cyclo-P4 ligand and P−P distances (2.148-2.152 Å) close to the crystallographically determined mean value of the cyclo-P4 unit in anion 3 (2.147(7) Å). The aromaticity of the cyclo-P4 ligand was investigated by nucleus independent chemical shift (NICS) DFT calculations. [19] In comparison to the NICS(0) values of aromatic species (benzene = 8.2, cyclobutadiene-diide = 10.7) and the anti-aromatic free P4 2− (−5.0), [23, 24] the calculated NICS(0) value for complex 2 (9.4) indicates a substantial aromatic character. Similar observations were also reported by Mézailles for the P4 2− ligand in [(PhP(CH2CH2PCy2)2)Fe(η 4 -P4)]. [24] The molecular orbitals were visualized using GaussView 5.0 [25] and shown with an isovalue = 0.05. The fully occupied orbitals with the highest energy are the orbitals 148-153. Here, especially 148 (3d z 2 , and 3d x 2 -y 2 ), 150 (3dxy), and 153 (HOMO) (3d z 2 , and 3dxy) exhibit a high d-orbital character. Therefore, a d 6 -configuration can be concluded. Orbitals 149 and 151 show the lone pairs of the phosphorus unit. Orbital 152 represents the bonding interaction between the PHDI ligand and cobalt. By contrast, the unoccupied orbitals 154, and 155 show antibonding character. 154 (occu.: 0.000, 19% 3dxz, 7% 3d z 2 )) 155 (occu.: 0.000, 29% 3dyz) Figure S55 . Molecular Summary of Natural Population Analysis: 
X-ray crystallography
The single-crystal X-ray diffraction data were recorded on a Agilent Technologies SuperNova and a GV1000, TitanS2 diffractometer with Cu-Kα radiation (λ = 1.54184 Å). Either semi-empirical multi-scan absorption corrections [26] or analytical ones [27] were applied to the data. The structures were solved with SHELXT [28] and least-square refinements on F 2 were carried out with SHELXL. [29] The hydrogen atoms were located in idealized positions and refined isotropically with a riding model. 
